In this study we address the question of how lexical selection is achieved by bilingual speakers during speech production. Speci®cally, we test whether there is competition between the two lexicons of a bilingual during lexical access. In two picture±word interference experiments we explore the performance of two groups of bilinguals, English±Spanish and Spanish±English pro®cient bilinguals while naming pictures either in their L1 (Spanish) or in their L2 (Spanish). Picture naming was facilitated when the name of the picture and the distracter word were the``same'', regardless of the language in which the distracter was printed: same-language (e.g., mesa±mesa [table in Spanish]) or different-language pairs (e.g., mesa±table). The magnitude of this facilitatory effect was similar when naming in L1 (Experiment 1) and in L2 (Experiment 2). We also found that naming latencies were slower when the distracter word was semantically related to the picture's name (e.g., mesa±chair), regardless of the language in which the distracter was printed. The results suggest that there is no competition between the two lexicons of a bilingual during lexical access for production. This interpretation favors a model of lexical access in which lexical selection is language-speci®c both when speaking in L1 and in L2.
Theories of bilingual lexical access in speech production (e.g., De Bot, 1992; Green, 1986 Green, , 1998 Poulisse and Bongaerts, 1994 ; but see De Bot and Schreuder, 1993) assume that a common semantic system activates in parallel the lexicons of both the language-inuse and the language-not-in-use. But if both lexicons are activated, how do bilingual speakers select the lexical items they intend to produce in the language in which they want to communicate?
Two solutions have been proposed to the problem of lexical selection in the context of non-speci®c activation of the bilingual's two lexicons. One solution assumes that a lexicon-external device inhibits or dampens the activation of the lexical items of the language-not-in-use, ensuring that their activation levels are lower than those of the lexical nodes of the language-in-use (De Bot, 1992; De Bot and Schreuder, 1993; Green, 1986 Green, , 1998 Poulisse and Bongaerts, 1994; Poulisse, 1997) . According to these models, the lexical selection mechanism is language non-speci®c ± it considers for selection the lexical items of both languages, and selects the item with the highest activation level. Because of the suppression of activation of the lexical nodes of the language-not-inuse, this process invariably results in the selection of a lexical item from the language-in-use even though the selection mechanism is not language speci®c. The other solution proposes that the lexical selection process is language speci®c ± the selection mechanism considers only the activation levels of lexical nodes of the language-in-use (Costa, Miozzo and Caramazza, in press; Roelofs, 1998) . The assumption is that a lexicon-external device (or a production rule, as argued by Roelofs) determines which lexicon is to be consulted, and only lexical nodes in that lexicon are considered for selection (see Dijkstra and Van Heuven, 1998; Grainger and Dijkstra, 1992; Van Heuven, Dijkstra and Grainger, 1998 , for a related discussion about lexical access in word recognition in bilingual speakers).
In the theoretical framework guiding our research, we follow the standard view of a common conceptual store shared by the two languages of a bilingual (but see Van Hell and de Groot, 1998) . When naming a picture, its semantic representation is activated and it, in turn, sends activation to the bilingual's two lexicons. Crucial to the understanding of the rationale of the following experiments is the assumption that both the response and non-response language lexicons are activated in picture naming. Each lexical node is linked to a set of grammatical properties and to a set of phonological segments and other phonological properties. In this framework, we do not postulate two different levels of lexical representation (the lemma and the lexeme level) between the semantic content and the phonological segments of a word. 1, 2 Instead, following the proposal by Caramazza (1997) , there is only one lexical layer to which the different sets of information are linked (see Starreveld and La Heij, 1995 for a similar proposal). In this model the selection of the target word in the intended language is achieved by means of a selection mechanism that picks out the most highly activated lexical node at a given moment. The degree of activation of non-target lexical nodes (lexical competitors) affects the ease with which the target word will be selected ± the greater the degree of activation of competitors the greater the dif®culty in selecting the target node. In sum, lexical selection is achieved by a system that does not require the active inhibition of the lexicon-not-in-use (see also Roelofs, 1992 Roelofs, , 1998 . The question we address here is whether the lexical selection mechanism considers for selection only the activation levels of the lexical nodes in the lexicon-inuse or the activation levels of the lexical nodes in both lexicons of a bilingual speaker.
A useful paradigm for this purpose is the picture± word interference paradigm. With this paradigm, it has been shown that the nature of the relationship between the picture and the distracter word affects picture-naming latencies. For example, semantically related distracters (table/chair) interfere more than unrelated distracters (table/®nger). This effect supposedly re¯ects a widely accepted principle of lexical selection ± namely, that the ease with which a lexical node is selected depends on the activation level of competing lexical nodes 3 (e.g., Glaser and Glaser, 1989; Levelt, Schriefers, Vorberg, Meyer, Pechmann, and Havinga, 1991; Roelofs, 1992; La Heij, 1995, 1996 ; but see Miozzo and Caramazza, submitted) . Assuming the validity of this principle, 4 we can infer which lexical nodes compete for selection by investigating the effects of distracter words on picture naming latencies. In this way, we may be able to determine whether lexical selection by bilingual speakers is language-speci®c or language-nonspeci®c.
In a series of experiments, Costa et al. (in press ) used the picture±word interference paradigm to investigate whether lexical selection in bilinguals is language speci®c or language-non-speci®c. Catalan± Spanish balanced bilinguals were asked to name pictures in their ®rst language (L1 ± Catalan) while ignoring distracter words printed either in their L1 (Catalan) or in their second language (L2 ± Spanish). The relationship between the distracter word and the picture was manipulated. Of crucial interest is thè`i dentity'' condition between languages (i.e. where pairs are composed of identical elements taken from different languages). In this condition, the distracter word is the translation of the name of the object pictured (picture: taula [Catalan, table] , distracter: mesa [Spanish, table] ). We assume that the picture and the word activate a common semantic representation which, in turn, activates in parallel the appropriate lexical nodes in each language (taula [Catalan, table] , mesa [Spanish, table] ). In other words, semantic representations of words and pictures send activation to the bilingual's two lexicons regardless of the language programmed for response. In the other condition, the``unrelated'' condition, the two elements (picture and word) do not refer to the same concepts and hence the semantic representations of the pictures and the words activate their corresponding lexical nodes in the two languages. For example, the picture of a`` [Catalan, ®nger] . Given these assumptions the language-speci®c and the language-1 Whether one assumes one or two lexical node layers between the semantic layer and the phonological segments layer is not crucial in the present context. The results we report below do not distinguish between these two classes of models. 2 It has been proposed that the lexical nodes of the two languages are connected via lexical links. Our model remains silent on the existence of such links. 3 Semantically related distracters interfere more than unrelated distracters because they also receive activation from the semantic representation of the picture. Therefore, the activation of the lexical node corresponding to the semantically related distracter is higher than the activation of the lexical node corresponding to the unrelated distracter. 4 Various researchers have tried to identify the locus of the interference effects observed with the picture±word interference paradigm (e.g., Schriefers, Meyer and Levelt, 1990 ; see also Starreveld and La Heij, 1995 , for a discussion on this matter). The main result of these studies is that the semantic interference effect disappears (or is reduced) when participants are not required to give a verbal response but are merely required to recognize or categorize the picture. These results have been interpreted as indicating that the effects observed with the picture±word interference paradigm re¯ect, at least in part, processes involved in lexical selection (see also footnote 8).
non-speci®c selection hypotheses predict different outcomes for the identity condition relative to the unrelated condition. The language-speci®c hypothesis predicts facilitation: naming pictures with identity distracters should lead to faster naming responses relative to naming in the context of unrelated distracters. This is because even though the distracter word activates its lexical nodes in both languages, the lexical selection mechanism inspects only the lexicon programmed for response (Catalan), where the target lexical node (taula) is the only highly activated lexical node (see Figure 1 ). That is, in the between-languages identity condition (different-language pairs), the picture and the distracter word activate the same lexical node (taula) in the language programmed for response (Catalan). On the other hand, in the unrelated condition (not shown in the ®gure) the picture and the distracter word activate different lexical nodes in the language programmed for response (taula, dit).
5 By contrast, the language non-speci®c selection hypothesis predicts interference (see Figure 2 ). This is because the lexical selection mechanism inspects the bilingual's two lexicons (Catalan and Spanish) and therefore will encounter two highly activated lexical items (taula [Catalan, table] and mesa [Spanish, table] ) that compete for selection. These two lexical nodes will be highly activated since they receive activation both from the picture and the distracter. This should make the selection of the target response (taula) relatively more dif®cult. In several experiments, Costa et The authors interpreted this result as support for a model of bilingual lexical access in which lexical selection is restricted to lexical nodes from the language programmed for response (i.e. the languagespeci®c hypothesis).
It is important to note, however, that this conclusion is based on experiments with highly balanced bilinguals of two very similar languages (Catalan and Spanish) who were tested in their L1. It remains to be determined the extent to which this model can be applied to different types of bilinguals speaking in their L2. In the present study we address whether a model of bilingual lexical access which assumes that lexical selection is language-speci®c can account for a broader range of results with different bilingual types and testing situations. The study has two objectives.
One objective is to replicate with less pro®cient bilinguals of two very different languages the results observed in our previous research. In that study we tested highly¯uent, balanced bilinguals 6 of Spanish 5 The facilitation may arise either because in the identity condition there are no other highly activated lexical nodes or because the semantic system sends extra activation to the target lexical node. 6 The participants in that study had learned their second language before the age of four and used the two languages in their everyday lives. 233 Speech production in bilinguals and Catalan two languages that are very similar syntactically, morphologically, phonologically and orthographically (Harris and Vincent, 1988) . It is well known that a bilingual's level of pro®ciency may affect translation (Chen and Leung, 1989; Kroll and Curley, 1988; Kroll and Stewart, 1994) and word recognition performance (Frenck-Mestre and Prince, 1997; Keatley, Spinks and De Gelder, 1994) . Furthermore, it has been shown that the degree of orthographic and phonological similarity between languages affects a bilingual's performance in different tasks (e.g., Chen and Ho, 1986; De Groot, 1992; De Groot and Nas, 1991; Ehri and Ryan, 1980; Gollan, Forster and Frost, 1997; Preston and Lambert, 1969; Williams, 1994) . It is important, therefore, to test whether the language-speci®c selection hypothesis also accounts for the performance of bilingual speakers who are¯uent but not completely balanced, and who speak very different languages.
A second objective is to explore whether the hypothesized language speci®c selection mechanism is also functional when speaking in L2. Many studies have shown that different effects are obtained in naming and translation when speaking in L1 or L2 (e.g., Cheung and Chen, 1998; Potter, So, Von Eckhardt and Feldman, 1984; Kroll and Stewart, 1994) . It could be argued that the results obtained by Costa et al. re¯ect only lexical access when bilinguals are speaking in their L1, and do not generalize to bilinguals speaking in their, usually weaker, L2. This view ®nds some support in a recent paper by Hermans, Bongaerts, De Bot and Schreuder (1998) .
In this article, Hermans et al. argued that bilingual speakers cannot avoid having interference from their ®rst language when speaking in their L2. This claim is based on experiments in which participants were required to name pictures in their L2 (English) while ignoring auditory distracters presented either in L2 (English) or L1 (Dutch). Of particular interest in this context is the condition in which distracters were Dutch words (e.g., berm [verge] ) that were phonologically related to the Dutch translation (e.g., berg
[mountain]) of the English target (mountain). These distracters produced interference ± that is, it took longer to respond to mountain with the Dutch distracter berm [verge] than with the unrelated distracter kaars [candle]. Hermans et al. argued that the Dutch lexical node (berg) receives activation from two sources: through the semantic representation of the picture (mountain), and through the presentation of a phonologically related distracter (berm). They speculate that the summed activation from these two indirect sources is greater than the direct activation received by the unrelated word, leading to greater competition between the lexical node in the response language (mountain) and its Dutch translation (berg). They conclude that this interference may re¯ect the fact that when speaking in L2 the lexical selection process considers the activation levels of lexical nodes in the bilingual's two lexicons. Thus, the results reported by Hermans et al. (1998) could suggest that the language-speci®c selection hypothesis proposed by Costa et al. (in press) does not apply in the case of bilinguals speaking in their L2. We will examine alternative explanations of this result in the General discussion.
In the present study we examine whether the identity facilitation effect we obtained with balanced pro®cient bilinguals of Spanish and Catalan generalizes to non-balanced, pro®cient, Spanish± English and English±Spanish bilinguals speaking in their L1 and L2 respectively. There are clear indications that the three variables ± language pro®ciency, response language (L1 vs. L2), and language similarity ± affect participants' performance in the picture-word interference paradigm (see, e.g., Ehri and Ryan, 1980; Goodman, Haith, Guttentag and Rao, 1985; Ma Ègiste, 1984 Ma Ègiste, , 1985 Smith and Kirsner, 1982;  for the Stroop variant of the task see e.g., Albert and Obler, 1978; Altarriba and Mathis, 1997; Smith and Kirsner, 1982; Chen and Ho, 1986; Dyer, 1971; La Heij, de Bruyn, Elens, Hartsuiker, Helaha and van Schelven, 1990; Ma Ègiste, 1984 Ma Ègiste, , 1985 Preston and Lambert, 1969; Tzelgov, Henik and Leiser, 1990 ; for a review see MacLeod, 1991; Smith, 1997) . A number of these studies investigated the semantic interference effect within and between languages. The semantic interference effect in the picture±word interference paradigm stands for the slower naming latencies observed when the picture and the distracter word are semantically (categorically) related. For example, in an English±Spanish study, the picture could be that of a table and the distracter word could be``chair''. The standard result is that distracter words presented in the non-response language also produce semantic interference (picture: table, distracter: silla [chair in Spanish]). However, the magnitude of the semantic interference effect within languages (samelanguage pairs) and between languages (differentlanguage pairs) seems to vary as a function of the three variables reported above.
Thus, there are reasons for thinking that these variables might also be important in determining whether identity distracters facilitate or inhibit picture naming in the picture±word interference paradigm. It is important to reiterate here that following the standard view in the literature we assume that the effects observed in the picture-word interference paradigm re¯ect principally the functioning of mechanisms involved in lexical access, rather than mechanisms involved in conceptual processing.
Experiment 1: Spanish±English Bilinguals (Response language: L1)
The objective of this experiment is to replicate the language-speci®c results observed by Costa et al. (in press ) with less balanced bilinguals of two very different languages (Spanish±English). Spanish± English bilinguals were asked to name a set of pictures in Spanish ± their L1. Pictures were presented with a superimposed word, which could be written either in Spanish (same-language distracters) or in English (different-language distracters). Three types of distracters were selected in each language: the name of the picture (identity condition), a semantically (categorically) related word, and an unrelated word (see Table 1 ).
The condition of crucial interest in this experiment is the between-languages identity condition (i.e. where the pairs are composed of identical elements taken from different languages). In this condition the name of the picture is shown in the non-response language (e.g., picture: mesa [table] , distracter: table  [table] ). As argued above, the language-speci®c selection hypothesis predicts that naming latencies should be faster in the identity condition than in the unrelated condition. This is because in the former condition both the word and the picture activate the target lexical node (mesa) and therefore no alternative lexical nodes are competing for selection. The language-non-speci®c selection hypothesis predicts that naming latencies should be slower in the identity condition than in the unrelated condition. This is because the lexical selection mechanism would have to decide between two highly activated lexical nodes (e.g., the English node table and the Spanish node mesa).
For the semantically related condition we expect to replicate our previous observations with balanced Catalan±Spanish bilinguals (Costa et al., in press) . In that study, we found that the same amount of interference was obtained for semantically related distracters both in the same and different language pairs. However, as we argued in that article, the semantic interference effect cannot, by itself, adjudicate between the language-speci®c and the language-nonspeci®c hypotheses. The semantic interference produced by a distracter word presented in the nonresponse language (different-language pairs) may actually be re¯ecting the competition between its translation in the response language and the target lexical node. For example, in the case of the two languages that will be used in this study, when the distracter English word (chair) is recognized, the semantic system activates its corresponding lexical nodes in English (chair) but also in Spanish (silla) 7 . Under these circumstances the selection of the Spanish target word mesa may be hampered because of the competition created by the Spanish lexical node silla, rather than by the competition created by the English lexical node chair. Semantic interference betweenlanguages (different-language pairs) re¯ects competition within the response language caused by the automatic activation of the distracter word in the response language.
Method
Participants. Twenty-one Spanish±English bilingual speakers living in the Boston area participated in the experiment. Participants were paid for their participation. They were native speakers of Spanish and they reported having good knowledge of English. All the participants had studied English for at least six years, and on average they had been living in an English-speaking country for six years (a description of the participants is presented in Appendix A). The participants can be considered highly pro®cient bilinguals. However, they reported being more¯uent and more at ease in their native Spanish.
Material. Twenty-four pictures were selected (see Appendix B). The Spanish and English names of the pictures were non-cognate words (i.e., they were phonologically and orthographically dissimilar; e.g., mesa±table [table] ,¯echa±arrow [arrow]). Each picture was paired with six distracter words: three Spanish words (same-language pairs) and their English translations (different-language pairs). The 7 It is important to note that we assume that the activation received by the lexical nodes at the output level from the presentation of the distracter words is mostly achieved through the activation of its semantic representation (see Roelofs, 1992 , for a different proposal). Spanish and English distracters paired with a given picture were of three types: the picture name, a semantically (categorically) related word and an unrelated word (see examples in Table 1 ). The Spanish± English translations used as related and unrelated distracters were also non-cognate words (e.g., rueda± wheel [wheel], perro±dog [dog]). Paired target-distracter nouns always had a different onset and did not rhyme. Care was taken to exclude distracters that have language-speci®c orthographic marking (e.g.,`n Ä ''). Distracters were controlled both for frequency and word length (number of letters). The three sets of Spanish distracters (identical, semantically related and unrelated) were of comparable frequency (mean: identical = 264, semantically related = 269, unrelated = 266; F (2, 69) < 1) and of comparable length (mean: identical = 5.2, semantically related = 6, unrelated = 5.7; F (2, 69) = 2, MSE = 1.81, p < .15). The three sets of English distracters (identical, related and unrelated) were of comparable frequency (mean: identical = 63, semantically related = 51, unrelated = 44; F (2, 69) < 1) and of comparable length (mean: identical = 4.6, semantically related = 4.7, unrelated = 4.4; F (2, 69) < 1).
An additional set of 20 pictures was selected and served as ®llers. Each ®ller picture was paired with six unrelated distracters (three Spanish words and their English translations). Fillers were used as warm-up stimuli in the ®rst three trials of each block. In the training block, all the pictures were presented once and were paired either with a Spanish or English unrelated distracter.
The distracter words were shown in capital letters (Geneva font, bold, 20 point), and were superimposed on the pictures. Pictures appeared in the center of the screen. Word position varied randomly in the region around ®xation, to prevent participants from anticipating distracter position. For a given picture, however, the distracters always appeared in the same location. Stimuli were presented in six blocks of 44 trials. Each experimental picture appeared once per block. In each block, stimuli of the various conditions appeared an equal number of times (four). Block trials were randomized with the restriction that distracters of the same experimental condition or of the same language appeared in no more than two consecutive trials. The order of block presentation was counterbalanced across participants.
Procedure. Participants were tested individually in a sound-proof booth. Instructions were administered in Spanish. Participants were instructed to name the pictures as fast and as accurately as possible in Spanish. Participants were also informed that they would see picture-word pairs and were invited to ignore the words. Before the experiment proper, participants were presented with the entire set of pictures along with their expected Spanish names. Next, the experimenter showed all the pictures without their names, and participants named the stimuli. Then, participants performed a training block of 44 trials, followed by the experiment proper. Each trial had the following structure. First, a ®xa-tion point (a cross) was shown in the center of the screen for 700 ms, which was then replaced by the stimulus. The picture and the word were presented simultaneously and they remained on the screen for 600 ms. The next trial only started after the participant's response. Participants initiated the next trial by pressing the space bar. Response latencies were measured from the onset of the stimulus to the beginning of the naming response by means of a voice key (Lafayette Instrument). Stimuli presentation was controlled by the MacLab program (Costin, 1988) . The entire experimental session lasted approximately 45 minutes.
Analyses. Three types of responses were scored as erroneous responses: (i) production of names that differed from those designated by the experimenter; (ii) verbal dis¯uencies (stuttering, utterance repairs, production of nonverbal sounds which triggered the voice key); and (iii) recording failures. Erroneous responses were excluded from the analyses of response latencies as were naming latencies exceeding three standard deviations from the participant's conditions' means. ANOVAs were performed to examine error rate and naming latencies. For naming latencies, separate analyses were carried out with participants and items as dependent variable, yielding F1 and F2 statistics, respectively. If not otherwise stated, all the analyses should be considered as withinsubject. The results of the error analyses are reported only if signi®cant. Table 2 shows the distribution of mean response latencies and error rate as a function of type of distracter (identical, semantically related, unrelated) and distracter language (Spanish vs. English). Erroneous responses were observed on 3.6 per cent of the trials. A ®rst analysis was carried out considering two variables Type of Distracter (identical vs. unrelated vs. semantically related) and Target-distracter Language (same vs. different).
Results and discussion
A main effect of the Type of Distracter was observed (F1 (2, 40) = 88.18, MSE = 2230.2, p < .001; F2 (2, 46) = 74.8, MSE = 3187.1, p < .001). The main effect of the Target distracter-language was non signi®cant (F1 (1, 20) = 1.8, MSE = 1002.3, p < .2; F2 (1, 23) < 1). Finally the interaction between these two variables was signi®cant (F1 (2, 40) = 51.8, MSE = 1211.3, p < .001; F2(2, 46) = 35.3, MSE = 2107.3, p < .001). To explore this interaction further we carried out several contrasts. We examined the Identity Effect (i.e. the difference in reaction time between the Identical and the Unrelated condition) as well as the Semantic Effect (the difference between the Semantically Related and Unrelated condition). We also examined the magnitude of each effect for the same and different language pairs by taking differences and submitting the results to a contrast test. Identical distracters produced faster reaction times than unrelated distracters both for the same-language distracters (F1(1, 20) = 230.9, p <.0001; F2(1, 23) = 155, p < .0001) and for the different-language distracters (F1(1,20) = 6.2 , p <.01; F2(1,23) = 4.6, p < .03). Semantically related distracters slowed down naming latencies for same-language (F1(1,20) = 10.7, p < .002; F2(1,23) = 9.1, p < .004) and for differentlanguage distracters (F1(1,20) = 14.1, p < .008; F2(1,23) = 9.2; p < .006). The magnitude of the identity facilitation effect was larger for the samelanguage pairs than for the different-language pairs (F1(1,20) = 126.9, p < .0002, F2(1,23) = 121.5, p < .001), while the magnitude of the semantic interference effect was comparable in both conditions (both Fs < 1).
To summarize, three types of word distracters were shown (identical, semantically related and unrelated), either in Spanish (same language-pairs) or in English (different-language pairs). The same pattern of effects was observed regardless of the language of the distracter: facilitation with identical distracters and inhibition with semantically related distracters. The size of the identity effect was larger with Spanish distracters (same-language pairs); however, the size of the semantic effect did not vary as a function of distracter language.
The results of this experiment fully replicate the results observed with Catalan±Spanish balanced bilinguals. The crucial condition tested in these experiments is the identity condition with differentlanguage pairs (i.e. with pairs composed of identical elements taken from different languages). In the Introduction we argued that if the lexical selection mechanism considers the lexical nodes in both of the bilingual's two lexicons (the language non-speci®c hypothesis) we should have observed inhibition in this condition. However, if lexical selection is restricted to the response-language, facilitation was expected. The results support the latter hypothesis. Therefore, our observations suggest that lexical access functions in a similar way for balanced and non-balanced highly pro®cient bilinguals.
8 Furthermore, the similarity between a bilingual's two languages seems not to affect the language-speci®c selection mechanism. Interestingly, we also replicated the asymmetric facilitation effects for same-and different-language distracters. As in our previous work, the magnitude of the identity facilitation effect 8 In order to address whether the identical distracters and semantically related distracters function in a similar way regarding the locus of the effect we ran a control experiment. In this experiment we followed the rationale developed by Schriefers et al. (1990) for addressing the locus of the effect of the semantically related distracters. Participants were asked to perform a recognition task. In the ®rst phase, a set of pictures (®llers) were presented and participants had to memorize them. In the second phase, participants were presented with two intermixed sets of pictures. One set of pictures corresponded to the same set of pictures presented in the ®rst phase (®ller pictures), the other set consisted of new pictures (experimental pictures). Participants were required to decide whether a given picture had appeared in the ®rst phase or not. In the second phase of our experiment the pictures were presented with two types of word distracters (identical or unrelated). Schriefers et al. (1990) argued that if the recognition of the pictures is affected by the distracter words one should expect different reaction times depending on the relationship between the distracter word and the picture. Twenty English native speakers participated in our experiment. We manipulated the relationship between the picture and the distracter word (identical vs. unrelated). As in Schriefers's experiment, participants were asked to do the task twice in order to address any possible interaction between the repetition of the pictures and the picture-word relationship. The reaction times for the identical distracters and for the unrelated distracters were statistically the same (both Fs < 1). Participants were faster in the second repetition than in the ®rst repetition (F1 (1, 19) = 7.3, MSE = 17046, p < .02; F2 (1,23) = 95.7, MSE = 1653, p < .001). The interaction between these two factors was not signi®cant (both Fs < 1). These results fully replicate the ones obtained by Schriefers et al. with semantically related distracters, suggesting that the distracter words have no effect on picture recognition in the picture±word interference paradigm. 237 Speech production in bilinguals for the same-language pairs (163 ms.) was much larger than that for the different-language pairs (27 ms.). We have argued that this asymmetry re¯ects the contribution of phonological/orthographic facilitation in the within-language identity condition (Costa et al, in press) .
In this experiment we again obtained comparable semantic interference effects for same-and differentlanguage distracters. We have interpreted these interference effects as re¯ecting the competition of lexical items within the response lexicon. If the languagespeci®c selection hypothesis is right, there can only be competition among the lexical items of the response language. Therefore the semantic interference effect within and between languages presumably re¯ects competition among lexical nodes in the response language. We have explained this result as follows: the presentation of the distracter word activates its semantic representation, which in turn activates, in parallel, the two lexicons of a bilingual. Figure 3 illustrates the process. The English distracter word (chair) activates its lexical output node (chair) to the same degree as the Spanish distracter node (silla [chair in English]). Under these circumstances the selection of the Spanish target word mesa may be hampered because of the competition created by the Spanish lexical node silla, rather than by the competition created by the English lexical node chair. According to this view, the semantic interference created by distracters of different languages (chair and silla) must be similar. However, there are several studies that have shown asymmetric semantic interference within and between languages (Ma Ègiste, 1984 (Ma Ègiste, , 1985 Chen and Ho, 1986 ). We will return to this issue in the General discussion.
Finally, in the semantic related and unrelated conditions the results show that Spanish distracters interfere more than English distracters. There are at least two explanations for this effect. First, Spanish distracters were signi®cantly longer (in number of letters 5.7 vs. 4.6) than English distracters (t = 5.4, p < .001). This difference re¯ects the distribution of word lengths in the two languages. Unlike English, Spanish has very few monosyllabic words and most words are either disyllabic or trisyllabic. It is reasonable to think that there may be an overall effect of distracters' length: the longer the distracter the larger the interference. This is because long distracters interfere more than short distracters with the visual processing of the picture and hinder its recognition. This simple explanation may account for the distracter language effect. Second, it could be argued that distracter words in the dominant language (Spanish) interfere more with participant's performance. If such were the case we should not observe the effect when participants name the pictures in their L2. This prediction is tested in Experiment 2.
Experiment 2: English±Spanish Bilinguals (Response language: L2)
The objective of this experiment is to obtain evidence for the language speci®c lexical selection mechanism in conditions in which bilinguals speak in their L2. In this experiment, we examine the performance of English±Spanish bilinguals when naming pictures in their L2 ± Spanish. In order to be able to compare the results of this experiment with the results of Experiment 1, we used the same materials, procedure and the same response-language as in Experiment 1. Therefore, the participants in this experiment belong to a different type of population; they were native speakers of English with good knowledge of Spanish. As argued above, the results of this experiment will allow us to test whether the language-speci®c selection hypothesis can also explain lexical access in L2. If the lexical selection mechanism is also functional when speaking in L2 we should obtain a similar pattern of results to those observed in Experiment 1, namely, identity facilitation between languages (different-language pairs), and similar semantic interference both within languages (same-language pairs) and between languages (different-language pairs). However, if when speaking in L2 bilinguals cannot restrict lexical selection to just that language, then we would expect interference in the between language identity condition.
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Method
Participants. Twenty-one English-Spanish bilingual speakers living in the Boston area participated in the experiment. Participants were paid for their participation. All were native speakers of English and they reported having good knowledge of Spanish (a description of these participants is presented in the Appendix A). Material and Procedure. The same materials and procedure as in Experiment 1 were used in this experiment. Table 3 shows the distribution of mean response latencies and error rate as a function of type of distracter (identical, semantically related and unrelated) and distracter language (Spanish vs. English). Erroneous responses were observed on 4.2 per cent of the trials. A ®rst analysis was carried out considering two variables: Type of Distracter (identical vs. unrelated vs. semantically related) and Target-distracter Language (same vs. different). A main effect of the Type of Distracter was observed (F1 (2, 40) = 216.19, MSE = 1139.6, p < .001; F2 (2, 46) = 121.1, MSE = 2402.6, p < .001). The main effect of the Target distracter-language was non signi®cant (F1 (1, 20) < 1; F2 (1, 23) < 1). Finally the interaction between these two variables was signi®cant (F1 (2, 40) = 41.8, MSE = 1312.5, p < .001; F2 (2, 46) = 32.32, MSE = 1884.4, p < .001). As in Experiment 1, we conducted simple contrasts (means comparisons) to explore further such interaction. For the same-language pairs, identical distracters produced faster reaction times than unrelated distracters (F1(1, 20) = 252.6, p < .0001; F2(1, 23) = 197.5, p < .0001); and semantically related distracters led to slower reaction times than unrelated distracters (F1(1, 20) = 6.1, p < .01; F2(1, 23) = 6.6; p < .01). The analyses of the different-language pairs showed a similar pattern of results. Participants' responses were faster with identical distracters than with unrelated distracters (F1(1, 20) = 25.2, p < .0001; F2(1, 23) = 20.2, p < .0001). Furthermore the semantically related distracters produced slower naming latencies than the unrelated distracters (F1(1, 20) = 4.4, p < .04, F2(1, 23) = 5.1, p < .02). Finally, we compared whether the magnitude of the effects were comparable for the same-and different-language distracters. For the identical distracters the magnitude of the facilitatory effect was larger for the same-language pairs than for the different-language pairs (F1(1, 20) = 81.8, p < .0001; F2(1, 23) = 84.5, p < .0001). In contrast the amount of semantic interference was similar for both types of distracters (both Fs < 1).
Results and Discussion
Finally, it should be noted that in Experiment 2 we also observed that Spanish distracters (semantically related and unrelated) interfere more than English distracters. In the discussion of Experiment 1 we sketched two possible explanations for this asymmetry. We argued that it is possible that words in the dominant language interfere more in lexical selection than the words in the non-dominant language. The results of Experiment 2 clearly contradict this hypothesis, since the words in the non-dominant language (Spanish) still interfere more than the words in the dominant language (English). That is, in both experiments we observed that the Spanish distracters interfere more than the English distracters. Thus, it is reasonable to conclude that this overall effect is due to the fact that word distracters in Spanish were longer than word distracters in English.
General discussion
The present study examined whether, during language production, lexical selection in bilingual speakers is language-speci®c or language-nonspeci®c. In Experiment 1 we tested the performance of Spanish±English non-balanced pro®cient bilinguals in a picture±word interference task when naming in their dominant language (Spanish). Pro®-cient English±Spanish bilinguals were also tested under the same conditions but naming took place in their non-dominant language (Spanish). The results of these two experiments are quite similar. First, participants' naming latencies were faster when the picture and the distracter corresponded to the same 239 Speech production in bilinguals ) . However, the magnitude of the effect was larger with same-vs. different-language distracters. Second, naming latencies were slower when the picture and the word were semantically related. The magnitude of this effect was similar for same-and different-language distracters.
As argued in the Introduction, the crucial condition for adjudicating between the language-speci®c vs. non-speci®c selection hypotheses is the identity condition between languages (different-language pairs). According to the language-speci®c hypothesis, we should observe facilitation with identical distracters, and according to the language non-speci®c hypothesis we should obtain interference (see Figures  1 and 2) . Our results support the predictions derived from the language-speci®c hypothesis: the identity facilitation between languages indicates that the two languages of a bilingual do not compete during lexical access. This interpretation is in agreement with the previous study reported by Costa et al. (in press) with balanced bilinguals. However, the results of the present research extend the scope of the model proposed in our earlier work in the following three dimensions.
First, the similarity between a bilingual's two languages does not affect the bilingual's ability to keep them separate during lexical access in speech production. The fact that the same pattern of results is obtained for bilingual speakers of similar languages (Catalan±Spanish) and of dissimilar languages (Spanish±English) suggests that lexical selection is restricted to one of the lexicons, regardless of the similarity between the two languages. Second, the language-speci®c selection mechanism is also functional with pro®cient non-balanced bilinguals, as represented by the participants tested in our experiments. This mechanism allows the two languages to have a certain degree of autonomy, at least in speech production (see the recent results of Frenck-Mestre and Prince, 1997, for the issue of second-language autonomy in lexical processing).
Third, the ability to restrict lexical selection to only one lexicon also applies when speaking in the second (non-dominant) language. Despite the fact that our English-dominant participants use their ®rst language much more often and more¯uently, they are able to``ignore'' the activated lexical nodes of their dominant language (English) when naming in their second, non-dominant language (Spanish).
To this point we have focused on the implications of the identity effect for models of bilingual lexical access in speech production. However, we have also observed interesting results regarding the semantic interference effect. We found that the semantic interference with same-language pairs and differentlanguage pairs was equivalent in the two experiments. This result is predicted by a model of lexical access which assumes that the two languages of a bilingual are activated in parallel, and that the lexical selection mechanism only considers lexical nodes in the response language. As argued in the discussion of Experiment 1, we think that the semantic interference effect between languages (different-language pairs) re¯ects the competition of semantically related lexical nodes in the response language rather than competition across languages. However, several studies have shown that the probability of observing the same semantic interference effect within (same-language pairs) and between languages (different-language pairs) depends on the level of pro®ciency of L2, at least when responding in L1. It has been found that the more pro®cient the bilinguals are in their L2 the more similar the semantic interference effect observed with L1 and L2 distracters (e.g., Chen and Ho, 1986; Ma Ègiste, 1984 Ma Ègiste, , 1985 . Thus, the symmetrical semantic interference effects observed in our study could re¯ect the fact that participants tested in our experiments had achieved a very good level of knowledge of L2.
Finally, it should be noted that the participants tested in this research, although non-balanced bilinguals, reported being very pro®cient in L2. The fact that we have replicated the pattern of results observed with balanced bilinguals suggests that the language-speci®c selection mechanism is functional in a wide range of levels of bilingualism. However, it is not clear at which stage in second-language acquisition this mechanism becomes functional. Indeed, it may be that at early stages of L2 acquisition, this mechanism is not yet functional. In such cases, we should expect an identity interference effect between languages (when speaking in L2) rather than a facilitatory effect. This difference in pro®ciency might explain the contrasting results obtained by Hermans et al. (1998) . As described in the introduction, these authors report a series of experiments that seem to indicate that there is competition across lexicons 9 The linguistic characteristics of Spanish are closer to those of Catalan than to those of English. This similarity is not only re¯ected at the lexical level, where Spanish and Catalan overlap extensively (73 per cent of the words in the two languages are cognates), but also at the grammatical level. For example, Spanish and Catalan words are gender marked in contrast to English words, which do not have grammatical gender.
when speaking in L2. 10 The level of pro®ciency of the participants tested in Hermans et al.'s study is far from the level of the participants tested in our Experiment 2. Therefore, it may well be the case that the language-speci®c selection mechanism is not completely functional in the bilinguals tested by Hermans et al. Further research is needed to determine at what point in the acquisition of a second language the lexical selection mechanism is restricted to one language. There are also other circumstances in which the language speci®c selection mechanism may not be able to avoid competition between the two lexicons of a bilingual. One such situation might be when bilinguals switch between one language and the other. In such cases it might be possible to observe interference in the identity condition with differentlanguage pairs. We tested this possibility (Costa and Caramazza, in preparation) by asking subjects to name both the picture's name and the distracter word. We found that same-language identical distracters now produced an inhibitory instead of a facilitatory effect. In this experimental condition, participants had to code-switch back and forth between their two languages, and it is possible that the language selection mechanism is incapable of completely switching between languages. More research is needed to establish the¯exibility of this mechanism.
Before concluding we want to revisit the distinction we made in the Introduction between languagespeci®c and language-non-speci®c selection hypotheses. The distinction essentially hinges on whether one postulates that lexical access in bilingual contexts involves the active suppression (inhibitory) of activated lexical nodes in the language-not-in-use. We have argued that the selection mechanism considers only the lexical nodes of the language-in-use and therefore there is no need to postulate the existence of a mechanism that actively inhibits the lexical nodes of the language-not-in-use (see Roelofs, 1998 ; for a similar proposal). The results of our experiments are consistent with this account of bilingual lexical access. However, it could be argued that a model that does not assume language-speci®c selection but assumes the existence of active suppression mechanisms could also explain our results. Thus, it could be assumed that the suppression mechanism is powerful enough to inhibit completely the lexical nodes of the language-not-in-use so that they do not compete at all during lexical access. Given this assumption about the nature of the suppression mechanism, the language-speci®c and the languagenon-speci®c selection hypotheses become formally equivalent (at least in terms of their effects on selection). Since our goal was to determine whether lexical nodes from the non-response language compete during lexical access, our failure to distinguish between formally equivalent proposals is inconsequential. For our purposes it suf®ces that we have established that bilingual lexical access (effectively) involves language-speci®c selection.
To summarize, this study has provided converging evidence suggesting that although the two languages of a bilingual may be activated when speaking, they do not compete during lexical selection in speech production.
